Introduction
Patient activation or engagement in managing their health is associated with positive clinical and health care utilization outcomes. [1] [2] [3] Facilitating patients' acquisition of the knowledge, skills, and confidence to manage their health is critical in the current environment where 60% of adults live with one chronic illness, and 81% of those over 65 years have multiple chronic conditions that are manageable, but not curable. Ninety percent of health care spending goes to care for chronic illnesses. 4 Approaches to chronic illness care such as risk factor management, prevention of complications, and maintaining optimal control are vital to optimizing quality of life and managing health care costs. Patient activation has been defined as the state in which the individual possesses the knowledge, skills, and confidence to manage their health and health care. Hibbard et al conceptualize patient activation on a continuum in which patients can be categorized by levels of activation. 5 Table 1 presents patient activation characteristics for each level. Higher levels of activation are associated with greater selfmanagement knowledge; 2,6 medication adherence; 2,3,7 better weight management; lower tobacco use; achievement and maintenance of hypertension, lipid, and glucose levels; [8] [9] [10] psychological well-being; [10] [11] [12] fewer emergency department visits; 1, 10 unplanned hospital visits; 1, 3, 7, 10 and discharges to skilled care. 11 Through cognitive and behavioral interventions, patients can improve their level of activation. Upward movement is associated with improved clinical and health care utilization outcomes. 3, 10 Outcomes associated with improved patient activation have been documented across chronic illnesses such as diabetes, 2 heart failure (HF), 3, 12 coronary artery disease, 7 renal disease, 12 and COPD. 12 Atrial fibrillation (AF) is a chronic condition with increasing prevalence that requires patient activation to engage in shared decision making to choose among multiple treatment options for AF, prevent complications, and manage multiple risk factors that contribute to disease progression and recurrence. 13 Hospitalizations for AF have increased markedly and costs for AF treatment have soared.
14 Recent reports suggest that improving selfmanagement of risk factors for AF such as hypertension, lipids, obesity, elevated blood glucose, and increasing physical activity plays an important role in stemming progression of AF and are associated with lower costs for AF-related care. [15] [16] [17] Langseth et al reported that engaging in shared decision making for treatment options resulted in lower treatment costs. 18 Activating patients to be partners in their management of AF has been recognized as an essential practice in recent guidelines for AF management. 13 Yet little is known about patient activation in patients with AF and factors that are associated with patient activation in this population. Knowledge about patients' current level of activation and the factors associated with activation are important for shared decision making and care planning. By identifying the level of activation, tailored interventions can be developed to improve activation among those with low levels or strengthen and maintain activation among those with higher levels. Clinicians can develop a practical and patient-centered plan to move the patient up the activation continuum. 5 The purpose of this retrospective cross-sectional study was to describe patient activation levels in patients with symptomatic AF and determine if patient-reported (AF symptom burden, Table 1 Characteristic of patients for levels of activation and score ranges of the levels in the PAM as described by Hibbard 
Materials and methods ethics
We conducted a secondary analysis of prospectively collected data previously obtained for an implementation project that is described elsewhere. 19 This study was approved by the Mayo Clinic Institutional Review Board and determined to be exempt because secondary analysis was performed on de-identified data and patients had provided authorization for their data to be used for research purposes.
setting and sample
Data were collected at a Midwestern academic medical center clinic specializing in the care of patients with AF. The convenience sample included 123 patients who were 18 years of age or older with recurrent AF and who were being evaluated for an AF catheter ablation procedure from March through December 2016. Patients who were unable to communicate in English verbally and in writing, who had a documented cognitive deficit, were undergoing cancer treatment, hemodialysis, or had an implantable left ventricular assist device were excluded from the implementation project.
Variables and measures
As the main variable of interest, patient activation level was measured by the Patient Activation Measure (PAM). The PAM evaluates the patient's perceived knowledge, skills, and confidence to engage in self-management activities. Respondents report their disagreement/agreement on a Likert scale from 1 (strongly disagree) to 4 (strongly agree) to statements about managing their health. Scores were categorized according to activation levels. Table 1 presents the range of scores for each level of patient activation. 20 We sought to determine if sociodemographic, clinical, and patient-reported factors associated with activation in previous studies of patients with chronic illness were also associated with activation in patients with AF. We measured the following patient-reported factors: symptom burden, 21 anxiety, depression, 22 knowledge about AF, 23 self-reported physical activity, 24 and patient satisfaction with care 25 using the instruments described in Table 2 . The instrument to measure knowledge about AF was modified by removing seven questions related to warfarin use because we anticipated that a substantial portion of patients 
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McCabe et al would be using direct oral anticoagulants (DOACs) instead of warfarin. The warfarin items would not be pertinent to the group using DOACs. At the time of the study, there was no psychometrically tested instrument to measure the knowledge about DOACs. To maintain consistency in the knowledge items presented to patients, we chose to focus the knowledge measurement using only the items that related to the condition of AF.
clinical and sociodemographic characteristics
Information about the current pharmacological treatment for AF, body mass index (BMI) as kg/m 2 , tobacco use, systolic blood pressure at the time of the appointment, comorbidities (diabetes, hypertension, hyperlipidemia, obstructive sleep apnea, heart failure), age, sex, marital status, educational level, and third party payer were obtained from the patients' medical record.
Data collection
Patients scheduled for an evaluation for AF catheter ablation appointment were invited to participate in the implementation project to evaluate a new approach to patient education for self-management. Patients were asked to complete the PAM, Atrial Fibrillation Symptom Severity Scale, Hospital Anxiety Depression Scale (HADS), AF Knowledge test, Godin Leisure-Time Exercise Questionnaire, and Patient Assessment of Chronic Illness Care (PACIC) at the clinic site on the day of their appointment before meeting with the clinician.
Data analysis
Data were skewed and ceiling effects were common in the survey instruments. All analyses were descriptive of baseline associations. Associations between PAM levels and independent variables were examined with Fisher's exact tests for categorical variables and Kruskal-Wallis tests for continuous ones. For continuous variables, differences between activation level medians were examined using the Dwass-Steele-Critchlow-Fligner method which simultaneously performs all pairwise Wilcoxon rank-sum comparisons while adjusting for multiple testing. The level of significance was set at P#0.05.
Results
The sample was 99% white and 66% were male. Educational attainment was high with 31.6% reporting a 4-year college degree and 22% reporting graduate education. The mean (SD) age was 59.9 (11.3) years with a range of 25-78 years. Forty-two percent of patients reported an annual income level of $US$100,000.
Activation status
At the time patients presented for their AF ablation evaluation, 84% of the sample was categorized as Level 3 (45.5%) or 4 (38%) activation categories. There was a significant difference (P#0.0001) among the PAM level medians. Numbers, percentages, median, and mean activation scores for each activation level are presented in Table 3 .
sociodemographic and clinical characteristics associated with activation level
As shown in Table 4 , male sex, higher educational attainment, full time employment, third party payment source, and being married or in a committed relationship were associated with higher activation levels. There were a disproportionate number of men (77%) in the Level 4 group and disproportionate number of women (73%) in the Level 1 group. Activation levels did not differ significantly by age or income level. We observed that those in Level 1 had a higher BMI than those in Level 4 (P=0.04) and those in Levels 1 and 2 were more likely to be current smokers than patients in Levels 3 or 4. There were no differences in systolic blood pressure, use of rhythm controlling or heart rate controlling drugs, or comorbidities (hypertension, hyperlipidemia, diabetes, obstructive sleep apnea, heart failure) by the level of activation.
Patient-reported measures associated with activation levels
Median AF symptom burden differed among the levels. Specifically, AF symptom burden was higher in Level 1 compared to Level 4 patients (P=0.02) and higher in Level 3 compared to Level 4 (P=0.04). Symptoms of anxiety (HADS-A) showed a clear gradient by level. Although Level 1 patients reported the highest median anxiety score of 9.0, the 
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Patient activation for self-management in patients with AF Although the analysis of the PACIC subscale for patient activation was significant for an overall difference among levels (P=0.03), tests for multiple comparison showed nonsignificant findings for differences between Levels 2 and 4 (P=0.06) and Levels 3 and 4 (P=0.08). Otherwise, there were no significant differences in PACIC subscale scores among the four levels ( Table 5) .
Discussion
This investigation identifies several important elements within the sphere of patient activation in the context of symptomatic AF. These findings characterize this cohort of patients to exhibit fairly substantial activation, and also provide key insights into modifiable factors to improve this vital element.
Activation levels
The proportion of patients in activation Levels 3 (46%) and 4 (38%) was higher in this sample compared with some other reports. To our knowledge, patient activation has not been reported in patients with AF, but two studies examined the distribution of activation levels in patients hospitalized with heart failure. Creber et al 26 reported that in their sample, 39% and 26% were at Levels 3, and 4, respectively, and Dunlay et al reported that 40% were identified as Level 3 and only 3% as Level 4. 11 Bos-Touwen et al observed that in 1,154 patients with common chronic illnesses, half were at activation Levels 1 and 2 and only a minority of patients with HF (11%), diabetes (13%), COPD (14%), or chronic renal disease (8%) were at activation Level 4. 12 Results more similar to ours were reported by Greene and Hibbard who examined a database of 25,047 Midwestern individuals with at least one chronic condition where 46%, 33%, 14%, and 7% were in activation Levels 4, 3, 2, and 1, respectively. 9 The mean (SD) PAM score for our sample was 67.8 (19.2) which was considerably higher compared to mean scores of patients with common chronic illnesses which ranged from 51.4 (10.0) 6 to 55.3 (11.0). 12 The higher activation level in our sample may be explained by the fact that patients seeking evaluation for catheter ablation often have had multiple prior encounters with clinicians for their condition. Thereby, this patient cohort seeking ablation may have been exposed to considerable information about AF either during clinical encounters or by visiting Internet sites about their condition. Some patients self-refer after gathering information about centers for arrhythmia care. Those who self-refer may possess more characteristics of activation. The finding that nearly half (46%) of patients in this sample were at Level 3 activation level is encouraging because at Level 3, patients have developed some motivation to make changes to benefit their health, 5 and in the case of ablation patients, reduce the progression of AF. Previous research has established that engaging in activities to improve cardiopulmonary fitness and reduce weight significantly reduce recurrence of AF after ablation. [15] [16] [17] Thus, the time surrounding ablation is a critical time for engaging in cognitive and behavioral interventions with patients who show readiness for change and to reinforce and support the changes they are currently contemplating or have begun. 
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Patient activation for self-management in patients with AF sociodemographic and clinical characteristics associated with activation level
Our findings that higher levels of activation are associated with higher educational attainment are consistent with previous reports. 6, 11, 12, 27, 28 Compared to other investigations that have shown older age to be associated with lower activation, 6, 11, 13, 27 age was not associated with activation level in our sample. Findings regarding sex and activation have been mixed with some studies finding no association between sex and activation level. 7, 11, 12, 26 Our results demonstrating that males were more likely to be categorized as Levels 3 or 4 are consistent with those of Magnezi et al 29 and Hendriks et al, 6 but opposite to that reported by Hibbard et al 1 and Aung et al 27 who observed that males were less likely to be categorized in Levels 3 or 4. Our findings concerning the relationship between employment and activation were similar to Aung et al, 27 who reported that compared to participants in activation Levels 1 and 2, those in Levels 3 and 4 were more likely to be employed full or part time. Some investigators have reported a positive relationship between higher income and activation level. 12, 27 In our sample, there was no statistically significant difference for activation among income levels. Similar to other studies, 1, [8] [9] [10] 12 we observed that increased BMI was associated with lower activation levels. Obesity is a major contributor to the recurrence of AF after catheter ablation, 17 and as our sample reflects, being overweight or obese is a common characteristic of AF patients. 13 Identifying 
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McCabe et al the activation level of overweight and obese patients provides guidance to clinicians for tailoring the approach to weight loss interventions. Patients who are in Levels 1 and 2 may need more education about AF and obesity and coaching to promote readiness to take accountability for weight loss behaviors, whereas patients at Level 3 who are ready to make changes may need assistance with goal setting and resources to support weight loss activities. Level 4 patients may simply need reinforcement and affirmation for their success in continuing to work toward their goals.
Patient-reported factors associated with activation
Patients in Level 1 reported significantly more symptom burden compared to those in Level 4. We know of no published reports about the relationship between symptoms and activation in patients with AF; however, symptom burden in AF has been shown to be associated more with perceptual factors (illness perception, coping strategies, 30 depressed mood, anxiety, somatization 31 ) and not always objective factors such as the actual presence or absence of AF. 32 It is possible that individuals who do not feel engaged and activated may perceive their symptoms differently than those who believe they have a part in managing symptoms. 30 Management of symptoms is a high priority for AF treatment and controlling health care costs. Further study is warranted to explain the relationship between AF symptom perception and patient activation and to examine how interventions to improve activation influence symptom burden.
Psychological distress is commonly reported by patients with AF. Investigators have documented that 29%-60% of participants studied reported scores consistent with anxiety, [33] [34] [35] and 20%-56% reported scores consistent with depression. 33, 34, 36 The percentages of patients in our sample reporting scores for anxiety (11%) and depression (4%) considered abnormal (score of 11-21) on the HADS were much lower than the studies noted earlier. Yet both anxiety and depression were associated with activation levels, with lower activation levels reporting more symptoms of anxiety and depression. Although reports of the relationship between anxiety and patient activation are rare, the association of increased symptoms of depression with lower levels of activation has been observed consistently across chronic conditions. 8, 9, 12, 29 The presence of depression should alert the clinician that the patient may be at risk for low activation status. The consistent nature of the activation-depression relationship is clinically relevant because although no causal relationship can be assumed, treatment of depression may promote affective responses that will foster progress to a higher activation level. These findings highlight the importance of integrating screenings for depression and anxiety into routine care for people with chronic illness. Although our findings about the relationship between psychological distress and patient activation support those of previous studies, to our knowledge, this is the first investigation to document this relationship in AF patients. Further study is needed to determine if such a relationship exists in a more diverse sample of AF patients who are treated outside of a referral center.
Knowledge about the chronic illness and its treatment is an important component of self-management and activation. 5 Our finding of a positive relationship between knowledge of AF and activation extends findings of others who reported that greater knowledge about the chronic illness and recommended self-care activities were related to higher activation. 2, 6 These results are clinically relevant because they affirm that providing patients with education about the condition and recommended self-care equips them with the knowledge they need as a foundation to move up the activation continuum.
Although the relationship between physical activity and activation has not been widely reported, we considered it important to explore that relationship. Engaging in physical activity and increased cardiopulmonary fitness are linked to reduced AF recurrence after ablation. 15 There were a large range of physical activity scores across all levels in our sample; some patients in all levels reported 0 values, which reflect an opportunity for improving physical activity even in the most activated patients. We did observe that the median physical activity score for Level 1 patients was 0, reflecting that 50% of those reported a score of 0. As expected, the most activated patients (Level 4) reported higher levels of physical activity than those from other levels. These results are consistent with the few other studies where activation and physical activity were measured. 2, 26 An unexpected finding was the lack of a significant relationship between the total PACIC and PACIC subscale scores and patient activation. Items in the PACIC measure the patients' perception of quality of care including the clinician's ability to engage the patient in self-management activities and treatment decisions, work with the patient in goal setting and problem solving, and the extent to which the clinician offers resources to support self-management and facilitates appropriate follow-up. One might expect that patients who are the most satisfied with their clinician's performance on the activities measured by the PACIC would 
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Patient activation for self-management in patients with AF report higher activation scores. Our findings show a trend for support of that expectation, but no statistical difference among the levels. Other investigators have observed a positive relationship between PAM and PACIC scores. 27, 28 It is possible that we did not find any significant difference among the scores because of the lack of variability in PACIC scores. We did observe that even patients in Level 1 of our sample reported higher mean satisfaction scores for the total PACIC and Activation, Decision Support and Goal Setting subscales than the 266 managed care patients who constituted the sample in a study to validate the PACIC. 25 Further study of the relationship between satisfaction with the quality of care and patient activation in a diverse sample is needed to determine the nature of this relationship in patients with AF.
limitations
Even though most of our findings are consistent with those previously reported, there are limitations that should be considered when interpreting the results. The instrument to measure knowledge about AF did not contain items related to anticoagulation. Thus, the association between knowledge about anticoagulation, an important aspect of AF self-management, and level of activation was not tested. The sample was homogeneous in terms of race and ethnicity with an education and income level higher, and the mean age lower than the general population of AF patients. The sample was one of convenience and comprised of symptomatic patients evaluated at an arrhythmia specialty clinic who were seeking an advanced treatment for recurrent AF. Thus, the results should not be generalized to the general population of patients with AF, particularly those whose AF may not warrant consideration for ablation treatment or those who decide to manage AF with pharmacological therapy. The data were collected from patients at one single Midwest academic center; nevertheless, because of referrals, patients came from settings across the US and had been cared for by providers other than providers at the data collection site. The cross-sectional descriptive design reveals only associations between activation and study variables, while no assumptions of causation can be made. The small percentage of patients who fall into Levels 1 and 2 activation limits the information that can be garnered, even with appropriate statistical methodology to account for this.
Conclusion
In this sample of patients seeking advanced treatment for symptomatic AF, we observed a high level of activation, indicating that the majority were knowledgeable about their AF, were ready to or already had begun to make lifestyle changes to improve their health, and possessed a sufficient level of confidence to self-manage their health. Further research with larger and more diverse samples is needed to gain a broader understanding of patient activation in the growing population of patients with AF. Higher levels of patient activation were also associated with a more positive health status. Our findings advance the knowledge about levels of activation in patients with AF and factors associated with activation that can be used to inform interventions to improve self-management and identify those at risk for low activation and poorer outcomes. As the evidence mounts regarding the importance of managing risk factors such as obesity, hypertension, physical inactivity, and obstructive sleep apnea to reduce AF progression, further research is needed to develop and test interventions to promote high levels of activation that are associated with positive health behaviors.
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